Hepatocellular carcinoma (HCC) is serious condition associated with a high morbidity and mortality. Therefore is an urgent need to develop novel noninvasive techniques for early diagnosis, particularly for patients with AFP-negative [AFP(-)] HCC. In this study, iTRAQ-MALDI-MS/MS was used to identify differentially expressed proteins in AFP(-) HBV-related HCC compared with non-cancerous hepatitis B virus (HBV) and healthy controls subjects.
Primary HCC is one of the six most common cancers in the world. In 2008, the World Health Organization estimated 750,000 new cases of HCC and 695,900 deaths due to the disease, of which half occurred in China [1] . Patients with chronic HBV are at greater risk of developing HCC. More than 50% of HCC cases worldwide and 70-80% of HCC cases in HBV endemic regions are attributable to HBV. Survival rates of HBV-related HCC range from 36% to 67% after 1 year and from 15% to 26% after 5 year of diagnosis [2] . However, patients treated for early HCC lesions can have high survival rates [3, 4] , emphasizing the need for early diagnosis and accurate staging of patients with HCC.
At present, the diagnosis of HCC relies on serological markers, such as alpha fetoprotein (AFP) together with serological liver function tests, pathological assessment and imaging techniques [5] . Liver biopsy is routinely considered as the gold standard method of staging HCC, but has disadvantages such as patient unwillingness, morbidity and sampling errors [6] . In addition, the sensitivity of AFP is less accurate in persons with chronic active hepatitis B and hepatitis C [7] . Moreover in early stage HCC, small lesions less than 3cm, have increased AFP levels (<20 ng/mL) in only 20-30% of cases [8] however, this percentage is continually falling with the development of better imaging techniques. We defined this group as having AFP-Negative hepatocellular carcinoma [9] . According to previous studies, approximately 40% of early HCC patients and 15-20% with advanced HCC patients are AFP-Negative [10] . In China, data has shown that 30-40% of patients with HCC are AFP-negative [11] . These discrepancies highlight the need for the development of novel non-invasive techniques for diagnosis of HCC, especially for cases who are AFP(-).
Serological detection is widely regarded as the best choice for disease screening because of its ease of use and advantages that include detection of both physiological and pathological conditions. However, detection and quantification of serological markers is challenging due to their complexity and diversity [12] . The efficient depletion of high abundance proteins prior to proteomic analysis is proven as an ideal method for detecting expression changes of less abundant proteins [13] . In these reports, the Agilent Multiple Affinity Removal System (MARS) was proven to be reproducible and reliable for the depletion of 14 most prevalent high abundance proteins from human serum [14, 15] .
Currently, iTRAQ (isobaric tags for the relative and absolute quantization) reagent is widely applied to differentiate expressed proteins in comparative proteomics due to largescale, high throughput and highly sensitivity procedures [16, 17] . The iTRAQ technique identifies amino groups by using specific, isotope-code tags labelled peptides and tandem mass spectrometry analysis, stemmed from Applied Biosystems Inc (ABI) [18] . This technique is able to compare the relative levels of the same proteins from eight different samples simultaneously.
In this study, liquid chromatography (LC) and tandem MS were combined with iTRAQ to quantitatively compare serum samples from patients with AFP(-) HBV-related HCC, HBV without HCC and healthy control subjects. Fourteen proteins were delineated that might be significantly associated with AFP(-) HBV-related HCC.
Materials and methods
Serum samples. Serum samples were collected between 2009 and 2011 from patients attending the Affiliated Hospital of Guangxi Medical University, Nanning, China. All samples were officially registered and all patients gave informed consent. A total of 20 patients with HBV-related HCC were AFP(-). Patients with other hepatitis virus infections (HAV, HCV, HEV), with other liver diseases or previously treated with antivirals, were excluded from the study. AFP(-) HCC was diagnosed histologically according to the Barcelona criteria [19] and patients with AFP values less than 20 ng/mL were included in the study. All patients with chronic HBV infection were confirmed by positive HBsAg serology.
Fasting blood samples from patients with AFP(-) HBV-related HCC, age and gender matched HBV patients and healthy control subjects were collected in serum separation tubes. The tubes were centrifuged for 10 min at 4000 g within 30-120 min after being collected. Then sera from the three groups were pooled (n=10 patients/group) and stored in frozen plastic vials at -80°C until analysis. Detailed information of the blood samples are shown in Table 1 .
High abundance protein depletion. The 14 highest abundance proteins were extracted from serum at room temperature with Agilent 1200 HPLC system (Agilent Technologies, Waldron, Germany) and installed with MARS Human 14 (4.6 mm id ×100 mm, Agilent Technologies, Inc.). Prior to injection into the MARS columns, the pooled serum samples from each group were diluted three times with Buffer A (Agilent Technologies, Inc.), transferred to a 0.22 μm spin filter and centrifuged for one minute at 16,000 g to remove particles. After collection of the less abundant protein fractions, the MARS columns were washed and the bound proteins were eluted with 100% buffer B (Agilent Technologies, Inc.). Procedures were conducted according to the protocol supplied by the manufacturer.
Desalted and protein content estimation. The less abundant protein fractions were concentrated and desalted using 3000 MWCO Hydrosart Vivaspin 2 spin concentrators (Sartorius Stedim Biotech, Gottingen, Germany), centrifuged (Eppendorf 5810R, Germany) at 5000 g and at 4°C, which was repeated three times. On each occasion, the sample solution was buffer exchanged with 50 mM triethylammonium bicarbonate (TEAB, pH 8.5 buffer, Sigma-Aldrich Corporation, Saint Louis, MO, USA). The concentrated samples were determined using Nanodrop 2000 (Thermo Scientific, USA) and samples from each group were normalized to pack at 100 μg/tube and dried.
Protein digestion and peptide iTRAQ labeling. Each tube, containing 100 μg of dried low abundant proteins, was digested and labeled using chemicals in the 8-plex iTRAQ reagent kit (ABI, Framingham, MA) and 8-plex iTRAQ buffer kits (ABI, Framingham, MA) according to manufacturer's instructions. Briefly, the dried low abundant proteins were dissolved at 5 mg/mL in 0.5M TEAB, and denatured by 1 μL 2% SDS. Then, the proteins were reduced for one hour at 60°C with 5 mM tris-(2-carboxyethyl) phosphine (TCEP), cysteine-blocked for 10 minutes with 10 mM methyl methanethiosulfonate (MMTS) at room temperature and digested for 12 to 16 hours at 37°C in the presence of 10μL of 0.5μg/μL trypsin. Each resulting peptide solution was identified for two hours at room temperature using an iTRAQ reagent previously reconstituted in 50 μL of isopropanol. The reaction was terminated by adding 100 μL of milliQ water to the samples. The healthy control, HBV and the AFP(-) HBV-related HCC samples were labeled with iTRAQ as 113,114 and 116 respectively. For the parallel study, 115 and 114 were labeled as the same samples, then combined in one tube and desalted using a C18 spin column (Nest Group Inc, USA), and dried again.
Strong cation exchange chromatography (SCX) and nano-LC separation. The dried peptides were dissolved with 10 mM KH 2 PO 4 and 25% CAN at pH 2.7, fractionated with strong cation exchange chromatography (SCX) on a 2.1 x 200 mm polysulfoethyl column (PolyLC, Columbia, MD). The SCX Buffer B contained 500 mM KCl, 10 mM KH 2 PO 4 , and 25% ACN at pH 2.7. The SCX gradient lasted for 110 minutes with Buffer B changing from 0% to 100% at 25 minutes to 95 minutes then peptide fractions were collected at two minute intervals, then dried. Each SCX fraction was further separated by reverse phase nanoflow LC, performed on a Tempo LC MALDI Spotting system (ABI-MDS/Sciex) using a Chromolith CapRod column (150 x 0.1 mm, Merck). The fractions were spotted directly onto a MALDI sample plate (1664 spots per plate, Applied Biosystems). Tempo Buffer A was 2% (v/v) acetonitrile (ACN) and 0.1% (v/v) trifluoroacetic acid (TFA), and Tempo Buffer B was 98% acetonitrile and 0.1% trifluoroacetic acid. Each SCX dried fraction was re-suspended in 40 µL Tempo Buffer A. The gradient elution lasted for 50 minutes, Buffer B changed from 0 to 80% at 4 to 42 minutes. The HPLC eluent was spotted automatically onto the MALDI plates in a 44 × 28 spot array format.
MALDI-MS/MS and database searching. MS and MS/MS analyses of offline spotted peptide samples were performed using the 5800 MALDI-TOF/TOF Analyser (Applied Biosystems). Glu-1 fibrinopeptide at m/z 1570.677 diluted in the matrix (α-Cyano-4-hydroxycinnamic acid (CHCA)) was used for internal calibration. MS spectra were acquired from 900 to 4000 m/z, for a total of 1500 laser shots. Laser intensity remained fixed throughout the analyses. MS/MS analyses were performed using at a collision energy of 2 kV with air at 2 × 10 -6 Torr as the collision gas. Metastable ions were suppressed, for a total of 1500 laser shots. Twenty of the most intense ion signals, characterized by an S/N > 45, were automatically selected as precursors for MS/MS acquisition.
Protein identification and quantification were performed with ProteinPilot TM 4.0 software (version 4.0; Applied Biosystems, USA), with novel Paragon TM database. The search parameters were set as follows: Homo sapiens, trypsin cleavage, Cysteine alkylation by MMTS. Each MS/MS spectrum was searched against the uniprot database. Proteins having at least one peptide above the 95% confidence level (unused ProtScore C 1.3) were recorded.
Choosing differentially expressed proteins. The expression of differential proteins of HCC compared with healthy controls and the HBV without HCC group were separated by the time of mass spectrometry under the following criteria: at least two peptides with distinct sequences identified in MS/MS analysis, unused ProtScore >1.3, p<0.05, the values of 116/113 in the ranges of >1.2 or <0.8 and the values of 116/114 were in the ranges of >1.2 or <0.8. The iTRAQ ratios below 0.8 were considered to be under-expressed, whereas those above 1.2 were considered to be over-expressed.
Data analysis. The functions of the differentially expressed proteins were classified into categories using the database described at http://david.abcc.ncifcrf.gov/. An interaction diagram was produced for the differentially expressed proteins using the database described at www.string-db.org.
Western blotting. Western blotting was performed as previously described [20] . The primary antibody, mouse antihuman monoclonal antibody, was used at a concentration of 1:350 (Santa Cruz,USA), the secondary antibody was IRDye-labeled goat anti-mouse (LI-COR, USA), and used at a concentration of 1:5000 and quantitative analysis were performed using Odyssey (LI-COR, USA). 
Results
Differentially expression proteins. A total of 271 proteins matched the mass spectra identification conditions, identified with software on the 5800 MALDI-TOF/TOF Analyzer. A total of 24 differentially expressed proteins in AFP(-) HBV-related HCC sera using the criteria of differentially expressed protein, were identified from the 271 proteins. The expression levels of 15 proteins were up-regulated in samples in patients with AFP(-) HBV-related HCC and 9 were down-regulated. In a parallel test, two same pooled HBV samples were labeled with 114 and 115 respectively. There was no significant different between the values of 116/114 and 116/115 (t=0.13, p>0.05). (Table 2) .
Functional classification and interaction of differentially expressed proteins. The functional classification of the 24 differentially expressed proteins are shown in Figure 2 . The most common Biology Process were 'response to external stimulus' and ' response to stress' , and the most common Cellular Component was 'extracellular region' , the more common Molecular Functions were 'endopeptidase inhibitor activity' , 'peptidase inhibitor activity' and 'enzyme inhibitor activity' . An interaction diagram was produced for the 24 differentially expressed proteins using the database described at www.string-db.org (Figure 3 ). Proteins C5, KNG1, FN1, LRG1, HRG, SERPINC1, CRP, APOB, SAA1, APCS, C4BPA, CFI, CFB and GSN appeared in the center of the functional network intersection indicating their important role in the protein interactions.
Western blotting. One of the differentially expressed proteins identified as GSN is showed in Figure 4 . GSN was not only at the center of the functional network intersection, but also at the lowest expression level of the 24 differentially expressed proteins. Therefore, GSN was selected for a validation test. In Western blotting, the expression level of GSN in AFP(-) HBV-related HCC was significantly lower than for the healthy controls and the HBV group (p<0.01, Figure 5 ). This result was consistent with iTRAQ-LC-MS/MS consequence.
Discussion
The focus of current proteomics research is the identification of differentially expressed proteins. iTRAQ-MS/MS is more sensitive, has higher protein sequence coverage and good reproducibility compared with ICAT-MS/MS and 2D-DIGE [21, 22] . In this study, we screened 24 proteins that demonstrated differential expression in AFP(-) HBV-related HCC using iTRAQ-MALDI-MS/MS.
Of the 24 screened differentially expressed proteins, 15 proteins were up-regulated in AFP(-) HBV-related HCC and 9 proteins were down-regulated. Among them, 9 proteins (SERPIND1, SERPINC1, KNG, CFB, CFI, C5, C7, C9 and C4BPA) were involved in the complement and coagulation cascade pathway, which is closely related to cancer development [23, 24] . A total of 14 proteins (C5, KNG1, FN1, LRG1, HRG, SERPINC1, CRP, APOB, SAA1, APCS, C4BPA, CFI, CFB and GSN) appeared in the center of the functional network intersection and warrant further study.
FN1 (Fibronectin) is believed to have a role in cell adhesion, cell motility, opsonization, wound healing, and maintenance of cell shape [25] , however, its physiological role is not fully understood. Altered fibronectin expression, degradation, and organization is associated with a number of different pathologies, including fibrosis and cancer development. FN1 was shown to be a direct target gene for miR-1 and is negatively regulated by miR-1. While miR-1 may play a role as a tumor suppressor gene in laryngeal carcinoma [26] , Zhao et al, [27] reported that levels of FN mRNA expression were markedly decreased or even absent in poorly and moderately differentiated HCC cells. It was therefore concluded that FN1 protein is significantly down-regulated in AFP(-) HCC.
KNG1(Kininogen-1) is an inhibitor of thiol proteases [28] and acts early in the intrinsic pathway of coagulation. Its function in the activation pathway includes smooth muscle contraction, natriuresis, diuresis, inflammatory response and positive regulation of apoptosis and KNG1 plays an essential role in prevention of metastasis of cancer cells. Additionally, KNG1 is significantly up-regulated in irradiated mice [29] and this may translate to up-regulation of KNG1 when the human body is exposed to various carcinogenic factors.
LRG1 (leucine-rich alpha-2-glycoprotein) is a protein upstream of the TGF-βR II pathway, but its function remains largely unknown, although increased expression has been shown in many cancers. One study suggested a potential use in the diagnosis of bladder cancer, as increased levels were reported in the urine [30] . In another study, high levels were found in biliary tract cancer compared with cholangiocytes in benign biliary disease [31] .
Moreover, some of the 14 proteins were shown to be closely related to HCC and considered as biomarker candidates in the detection of early HCC. HRG (histidine-rich glycoprotein) is known as an abundant and well-characterized protein in vertebrate plasma [32] . It can bind plasminogen, fibrinogen, and thrombospondin and although the physiologic role is unknown, it is reported to be relevant in some cancers [33, 34] . In a study by Liu et al, HRG, C3, CE, CD14 and HGF were considered as biomarker candidates for the detection of early HCC [35] . C-reactive protein (CRP) is an acute-phase reactant that is frequently raised in patients with liver disease [36] . Elevated CRP is associated with a poor prognosis in patients with HCC and may be a useful marker for treatment selection [37] . Serum levels of SAA1 (Serum amyloid A protein), an acute phase reactant, are elevated in response to trauma, infection, inflammation and neoplasia. Elevated levels in patients with cancer is thought to be of liver origin rather than from tumor cells [38] . Shu et al, reported, that five important differential proteins (HP, Hp2, preprohaptoglobin, SP40 and SAA1) can lead to the detection of HCC at an earlier stage in addition to surveillance of HCC in patients with cirrhosis [39] .
GSN (Human plasma gelsolin), an intracellular actin-binding protein, is functionally involved in cell shape changes, cell motility and apoptosis by binding to actin, calcium ions and proteins. It is implicated in two distinct pathways: amyloids and organism-specific biosystem and can act as both an effector and an inhibitor of caspase-3 and other membrane phospholipids, to regulate the onset and progression of apoptosis [40] . It is postulated that GSN may bind to p53 and thereby inhibit p53-induced apoptosis by anchoring p53 in the cytoplasm in HepG2 cells [41] . It is therefore probable that low levels of expression of GSN in AFP(-) HBV-related HCC may be associated with apoptosis. Expression of the GSN gene is a known down-regulated target in breast cancer and other tumors [42] . In previous studies, 6 proteins (ORM1, GSN, C9, HABP2, SAA2, and C3) were used as a sensitive, non-invasive diagnostic test to estimate the probability of developing colorectal cancer [43] . In the present study, the Western blotting results demonstrate that expression of GSN in AFP(-) HCC was significantly reduced compared with healthy controls and the HBV group without HCC (p<0.01), consistent with iTRAQ-LC-MS/MS consequences. We conclude, that serum GSN is down-regulated in patients with AFP(-) HBV-related HCC.
The other 10 proteins that appeared in the periphery of the functional network have been implicated in patients with cancer and are worthy of further research. For example, SERPINA3 was found to be up-regulated in HLA-positive tumors [44] . The IGKC was validated as an immunologic biomarker of prognosis and response to therapy in human breast cancer and other cancers [45] . FETUB may potentially be useful for the treatment of diseases characterized by excess angiogenesis [46] . ITIH2 was found to show frequent down regulation that may be associated with initiation and/or progression of some malignancies [47] . Thus far, ITIH molecules have been shown to play a particularly important role in inflammation and carcinogenesis, but ITIH2 and ITIH3 may play different roles in the progression of cancer and present different levels of expression. In contrast to ITIH2, ITIH3 protein was found in to be highly expressed in plasma of tumor bearing mice and the authors suggested it may be a useful biomarker for the early detection of gastric cancer [48] . These variations were supported in our own experiments.
Conclusion
The search for simple, sensitive and specific biomarkers to facilitate the diagnosis of HCC, particularly for patients with AFP(-) HCC, is of great significance for early diagnosis and early treatment. The results from this study suggest that the expression of 14 proteins (C5, KNG1, FN1, LRG1, HRG, SERPINC1, CRP, APOB, SAA1, APCS, C4BPA, CFI, CFB and GSN), in the serum of AFP(-) HBV-related HCC were different compared with the serum of healthy controls and the HBV group. These 14 differentially expressed proteins might be highly associated with the progression of AFP(-) HBV-related HCC. 
